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[57] ABSTRACT 

A system for regulating power in a mobile electronics device 
uses "hint" NOP instructions having a reserved field of bits 
that generate control signals to affect an increase or decrease 
in power dissipation. The control signals raise or lower the 
operating potential provided by a power supply and also 
adjust the frequency of a clock signal in accordance with the 
information provided by the NOP instruction. Power is 
reduced for code sequences that could be executed more 
slowly, or the device is otherwise idle, without affecting the 
user's perception of overall system performance. 
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POWER CONTROL FOR MOBILE merited with some non-CMOS electronic devices which 

ELECTRONICS USING NO-OPERATION consume power but are frequency-independent (e.g., dis- 

ESSTRUCTIONS P lavs for computer systems). 

This conventional frequency reduction technique imposes 

RELATED APPLICATIONS 5 a number of disadvantages. One paramount disadvantage is 

that the frequency reduction offers minimal conservation of 

This is a continuation-in-part application of Ser. No. battery life because the amount of energy required by the 

08/537,146, filed Sep. 29, 1995, which is assigned to the electronic device undergoing frequency reduction to per- 

assignee of the present application. form a certain task can remain constant. In some situations, 

10 depending on the chosen configuration between frequency- 

FIELD OF THE INVENTION dependent and frequency independent devices within a 

• cur, • product like a laptop computer, frequency reduction may 

Hie present invention relates to the field of electronic adversely effect 5attery life conservation. This is largely due 

devices. More particularly, the present invention relates to t0 the facl that the e i ectronic dev ice, while operating at a 

methods and apparatus for controlling power consumption slower f requency , requires extra operating time to complete 

by an electronic device through voltage and frequency 15 tne task M a result> mis extra operating time causes the 

scaling. frequency-independent devices within the product to con- 
sume more energy which, in some cases, will exceed any 

BACKGROUND OF THE INVENTION energy savings realized by reduced the operating frequency 

Over the last few years, there have been many advances _ of lhe electronic device, 

in semiconductor technology which have resulted in the 20 Hence, it is desirous to create a power control circuit and 

development of improved electronic devices having inte- deve u lo P a technique for reducing power consumption which 

grated circuits operating at higher frequencies and support- can **» d bv ^ «f electronic device-especiaUy 

• jj .- i j/ u j f * .u™ mobile electronics devices — to more effectively control 

ine additional and/or enhanced features, while these . , 4 . . 4 . tl ... e 

f t_ ' * - - c ^ . . power consumption without substantially mitigating perfor- 

advances have enabled hardware manufacturers to design * r 

and build faster and more sophisticated hardware products 0 nce hardware capability for controlling power consump- 

(e.g., computers, peripheral devices, etc.), they have also ^ has beeQ m J c ^ problem arises; 

imposed a disadvantage primarily experienced by battery- namelyj how lQ inyoke such contro , in a simplCj rdiable 

powered laptop or notebook style computers. In particular, manner . Although the use of thermal sensors for detecting 

these improved electronic devices consume more power and 3o excessrve p0W er consumption is well-known in the elec- 

dissipate more heat as a by-product than those past genera- lronics arlSj these circuits i ack inteUigence and cannot 

tion electronic devices. respond to different software execution speed requirements. 

It is well known that modern battery-powered laptop That is, they are sensitive only to one physical parameter 

computers place a high premium on reducing power con- (e.g., temperature) and are generally non-responsive to 

sumption to control component overheating and because 35 changes in operating system (OS) or applications program 

such reduction extends its battery life. Currently, one pri- (AP) software routines. For instance, whereas certain por- 

mary technique to reduce power consumption of laptop tions of code are optimally executed as fast as possible to 

computers is to lower the frequency of the clocking signal maximize performance, other portions may be executed at a 

supplied to one of its electronic devices, namely its central much slower rate, thereby conserving power. Ideally, it is 

processing unit ("CPU"). This technique (referred to herein 4Q desirable to have the ability to dynamically control power 

as "frequency reduction") usually is accomplished by consumption in a mobile electronic device — increasing or 

straightforward frequency reduction of the clocking signal decreasing power based on the demands of currently execut- 

supplied to the CPU (i.e., the CPU clock) or, in the m g software — so as to extend battery life without compro- 

alternative, halting the clocking signal for brief time inter- mising system performance. 

vals so that the average operating frequency is reduced. 45 Power management software programs that attempt to 

An alternative approach disclosed in U.S. Pat. No. 5,392, detect an "idle" central processing unit (CPU) currently 

437 involves clocking multiple functional units of an inte- exist. However, such programs are not always effective and 

grated circuit independently. When a particular functional lack the ability to discriminate between different types of 

unit is not in use, it is effectively powered down by disabling software code. For example, there are certain software 

the associated clock signal. 50 routines or applications that may be run at a relatively slow 

Referring to FIG. 1, a graph illustrating power savings speed without adversely affecting the user's perception of 

realized by a typical complementary metal-oxide semicon- performance. These typically go undetected by existing 

ductor (CMOS) electronic device based on the conventional power management software programs. Yet, it is precisely 

frequency reduction technique is shown. It is well-known these situations that afford the opportunity for significant 

that electronic devices, in general, are designed to operate 55 power savings. In a mobile environment, for example, such 

within a specific frequency range. This frequency range 10 savings would greatly extend battery fife, and hence, the 

is represented as being between points A and B, where point usefulness of the electronics device. 

A represents the minimum frequency required for the elec- As will be seen, the present invention provides a simple, 

tronic device to operate and point B represents the maximum elegant way to control power in a mobile electronics envi- 

frequency that the electronic device can support. In theory, 60 ronment. The invention allows operating system or applica- 

power is directly proportional to frequency as presented tion program software to increase or decrease power by 

herein. Thus, as shown through points C and D, a reduction including a special "no-operation" (NOP) instruction in the 

in the operating frequency of the electronic device by ten normal program flow. A reserved field of the NOP instruc- 

percent (10%) will reduce its total power consumption by tion provides "hint" information that is used to generate 

ten percent (10%) from PI to P2. Of course, true system 65 logic signals which either raise or lower power for subse- 

power savings are not exactly proportional to frequency quent portions of code (i.e., code following the NOP 

reduction because most every hardware product is imple- instruction). 
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By way of further background, Applicant wishes to bring series of steps leading to a desired result. These steps require 
the reader's attention to U.S. Pat. No. 5,410,682, which physical manipulations of physical quantities in the form of 
discloses a CPU that provides branch prediction hints. Also, electrical or magnetic signals capable of being stored, 
application Ser. No. 08/530,614, filed Sep. 19, 1995, which transferred, combined, compared or otherwise manipulated, 
is assigned to the assignee of the present application, dis- 5 Referring to FIG. 2a, an illustrative graph of the relation- 
closes a method of modifying an instruction set architecture sn ip between voltage and power is shown. As shown by the 
while maintaining backward compatibility. equation below (which is valid for many electronic devices, 

such as CMOS devices) power has a "squared" law depen- 

SUMMARY OF THE INVENTION dence ^ vo ltage which, in turn, has a generally propor- 

Tlie present invention overcomes the problems of the 10 tional relationship with the operating frequency, 
prior art by providing a system for regulating power in a Power-CxvS^x^Act) 
mobile electronics device by the use of "hint" NOP instruc- 
tions. The hint HOP instructions are inserted into a software where 

program, such as an operating system or applications i$ C=tota i capac it a nce of the electronic device; 

program, which is executed on a microprocessor. The NOP , . , . 

• , . • i j a c. \a a a t\~\A ~r V-total voltage supplied to the electronic device; 

instruction includes an opcode field and a reserved field of * rv 

bits that, when executed, provide information to a logic F=operating frequency of the electronic device; and 

circuit which generates control signals that affect an increase %Act=percentage of gates of the electronic devices 

or decrease in power for the mobile electronic device. The 2Q changing state in a given clock cycle, 

control signals raise or lower the operating potential pro- Note that the maximum operating frequency is appro xi- 

vided by a power supply and also adjust the frequency of a mately proportional to V in the range V 1 ^V^ V 2 , where V 1 

clock signal in accordance with the information provided by is the maximum operating voltage supported by the elec- 

the NOP instruction. In this way, the rate at which the tronic device. 

processor (and the mobile electronic device) operates may Thus, according to the above equation, a ten percent 

be precisely controlled by software such that power is decrease (10%) in voltage results in about a nineteen percent 

reduced for code sequences that can be executed more (19%) decrease in power, since Cx(0.90 V) 2 xFxAct=(0.81) 

slowly without affecting the user's perception of system xPower. 

performance. Referring now to FIG. 2f>, an illustrative graph of the 

power saving realized by an electronic device by performing 

BRIEF DESCRIPTION OF THE DRAWINGS 30 combined voltage and frequency scaling is shown. Similar 

^ e , . , . . . ... to FIG. 1, the electronic device is operational within a 

Hie features and advantages of the present invention will e 2Q whicfa fa defined between M « A „ 

become apparent from the following detailed description of (minmium operating voltage of the electronic device) and 

the present invention in which: ^ « B „ (maximum operating vollage) . Furthermore, to be 

FIG. 1 is an illustrative diagram of theoretical power 35 consistent with nG t points « c » aod « D » rep resent the 

savings realized by a conventional frequency reduction operational frequency of the electronic device at power 

technique. levels P A and P 2 (Pj^O^Pj), respectively. Thus, in the 

FIG. 2a is an illustrative diagram of the theoretical present invention, by decreasing the operational frequency 

"squared" relationship between voltage and power. and voltage of the electronic device (at point "C") by slightly 

FIG. 2b is an illustrative diagram of power savings more than three percent (to point "D"), the power consumed 

realized by an electronic device which is controlled through by the electronic device is decreased by approximately ten 

voltage and frequency scaling in accordance with the present percent, since 
invention. 

FIG. 3 is an illustrative block diagram of a power control 45 

circuit utilized in conjunction with the present invention . While the realized power savings is generally equivalent 

FIG. 4 is an illustrative block diagram of a plurality of to that obtained through the conventional frequency reduc- 

registers employed within the I/O controller shown in FIG. tion technique, the operating frequency of the electronic 

3. device is diminished by only 3%, as opposed to 10%. It is 

FIG. 5 illustrates the operations performed by the circuit 50 contemplated that voltage and frequency scaling may occur 

of FIG 3. in the voltage range 20, however only frequency scaling may 

iTii- L ■ ui_i, ,r„™ p _ r t . occur for the electronic device along a low-voltage range 30 

FIG. 6 is a block diagram of one embodiment ot the A . 4 M .„ f °, . . , 0 * 

c t , * • *• up to point A . The reason for this is because voltage 

system of the present invention. ^ v . . . . - n , , . 6 

J r / x . scaling in the low-voltage range 30 would cause the elec- 

FIG. 7 illustrates the use of no-operation (NOP) instruc- 5S device tQ become iaoperative . 

tions to invoke power control signals in accordance with the Referring to FIG. 3, one embodiment of a power control 

present mvention. circuit employed within a computer system to control power 

nFTATTPn nPSPRTPTinM consumption by an electronic device (e.g., a 

utiAiLLU uti^KiriiurN microprocessor) is illustrated. Although the electronic 

The present invention describes a system and method for 60 device is shown as a microprocessor because of its reputa- 

controlling power consumption of a mobile electronic don of being one of the main power consuming chips within 

device through both voltage and frequency scaling. The a computer system, the power control circuit is capable of 

following description is presented largely in terms of graphs, controlling power consumption by other types of electronic 

block diagrams and a flowchart which collectively illustrate devices such as controllers. 

the present invention in detail but does not discuss well- 65 The computer system 100 comprises a central processing 

known circuits or process steps to avoid unnecessarily unit ("CPU") 110, a system controller 120, a system bus 130, 

obscuring the present invention. The flowchart illustrates a thermal comparison logic 140, an input/output ("I/O") con- 



Cx(0.966 Vfx(Q.966 />(%AcO=(0.901)xPower 
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troller 150, a clock generation circuit 160 and a power trol signal from the I/O controller 150 which, indicates the 

supply circuit 170. After the computer system is powered-on amount of CPU core voltage, which is transferred to the 

and the user has selected a software application from main processor die 112 by the programmable regulator 172 

memory, mass storage memory device (e.g., IDE device) or through power line 173, is reduced. The switching regulator 

an external disk drive to perform a certain task, the I/O 5 171, however, is unaffected by the voltage modification 

controller 150 is configured by thermal management soft- control signal and continues to provide power (3.3 V, 5 V, 12 

ware stored within the CPU 110 to facilitate voltage and V, etc.) to power planes of the computer system 100. 

frequency scaling of the CPU 110 if at least one of two Thus, in order to optimally diminish power consumption 

conditions occurs; namely, the temperature of the CPU 110 by the CPU 110 without a proportionate sacrifice of its 

exceeds a thermal band or the CPU 110 is experiencing 10 speed, the CPU 110 first experiences frequency reduction 

excessive idle time. As will be discussed in more detail and then voltage reduction. This order of scaling guarantees 

shortly, the present invention provides an additional mecha- that the CPU 110 does not experience failure. Conversely, 

nism of control, namely, direct software control. dethrottling the CPU 110 (i.e., increasing its voltage and 

The "thermal band" is represented by an absolute hard- frequency) requires the CPU core voltage to be appropri- 

ware limit (requiring immediate device shut-off if exceeded) 15 ately increased before the operating frequency is increased, 

and programmable software upper and lower limits. These The second condition, i.e., the CPU is experiencing 

software limits represent thermal limits where, if exceeded, excessive "idle" time, typically occurs when the computer 

"throttling" (i.e., decreasingly scale voltage and frequency) system 100 is running a software application that does not 

or "dethrottling" is recommended. require optimal performance of the CPU 110 such as, for 

As shown, a temperature sensing component (e.g., ther- 20 example, various legacy software applications, word pro- 

mistor and the like) 111 is coupled to a processor die 112 of cessing programs, etc. Thus, power consumption can be 

the CPU 110 in order to monitor the temperature of the optimally reduced by monitoring the amount of idle time 

processor die 112 through thermal dissipation results, and to experienced by the CPU 110. 

detect when the temperature has exceeded the thermal band. It is well known in the art that power . management 
Thereafter, the temperature sensing component 111 trans- 25 software such as Advanced Power Management ("APM") 
mits an analog or digital signal to the thermal comparison software, which is stored within the main memory of the 
logic 140 via control line 113. The thermal comparison logic computer system and operates transparently to the user, 
140 receives the signal. If the signal is analog, the thermal monitors whether the CPU 110 is idle or is performing useful 
comparison logic converts it into a digital signal. The digital computations. When the CPU 110 is idle, the power man- 
signal is input into the I/O controller 150 via a temperature 30 agement software in one implementation generates a HALT 
control line 141. This digital signal, when asserted, indicates instruction and causes the CPU 110 to produce a halt 
to the I/O controller 150 that the CPU 110 is operating at a acknowledgment cycle. The halt acknowledgment cycle is 
temperature outside its thermal band. As a result, the I/O propagated through the system controller 120 onto the 
controller 150 needs to perform an operation to reduce the system bus 130. Upon detecting that the CPU 110 is pro- 
temperature of the processor die 112 within the CPU 110. 35 ducing the halt acknowledgment cycle, the I/O controller 
To reduce the temperature of the processor die 112, the 150 sets its halt cycle detect ("HCD") storage element 155 
I/O controller 150 programs a register 164 within the clock as shown in FIG, 4. Thereafter, the power management 
generation circuit 160 by propagating user-configured, pro- software periodically scans the HCD storage element. In the 
grammable information stored within the I/O controller 150 event that the HCD storage element is set frequently (e.g., 
into the register 164 via control line 151. The programmed 40 5%-l0% of its run time) the computer system is throttled to 
information indicates how much (usually in a percentage perform voltage and frequency scaling. In such case, the I/O 
value) the operating frequency of the clocking signal, sup- controller 150 performs the voltage and frequency scaling 
plied to at least the CPU 110 by the clock generation circuit operations in the same manner as discussed above with 
160 via clock lines 161, is to be altered. In some CPU respect to the first condition. 

implementations as shown, the clocking signal utilized by 45 Referring now to FIG. 4, an embodiment of the I/O 

the system bus 130 must bear a fixed relationship with the controller 150 is shown. The I/O controller 150 includes the 

clocking signal input into the CPU 110 (i.e., CPU clock). HCD storage element 155, a clock speed ("CS") storage 

As a result, the clocking signals of the system controller element 156 and a CPU core voltage ("CCV") storage 

120 and the system bus 130 are reduced in proportion to the element 157. The HCD storage element 155 is a single bit 

CPU clock. The clock generation circuit 160 monitors the 50 register indicating dynamically how frequently the CPU is in 

value of the register 164 and appropriately modifies the normal or idle state. More specifically, the HCD storage 

frequency of the clocking signals transferred through clock element 155 is set when the CPU is idle and is reset when 

lines 161-163. It should be understood that the clock gen- the CPU is in its normal operating state. Thus, power 

erator is designed such that the rate at which frequency is management software requests the I/O controller 150 to 

changed is sufficiently slow so that all of the phase-locked 55 perform voltage and frequency scaling when the HCD 

loops (PLLs) in the system remain locked. storage element 155 is frequently set and return the CPU to 

After determining that the operating frequency has been its maximum operating frequency and corresponding volt- 
reduced though any well known technique (e.g., signaling, age when the HCD storage element 155 is frequently reset, 
preset delay time, etc.), the I/O controller 150 generates a The CS storage element 156 is configured as a "n" bit 
voltage modification control signal to the power supply 60 register ("n" being an arbitrary whole number) to incorpo- 
circuit 170 via control line 152. The power supply circuit rate a frequency slewing constant which is used to throttle 
170 includes a switching regulator 171 and a programmable the frequency of the CPU. This is accomplished by trans- 
regulator 172. Although not shown, the power supply circuit ferring the frequency slewing constant from the CS storage 
170 includes a sensing circuit to indicate to the I/O controller element 156 into the register 164 of the clock generation 
150 whether power is provided to the computer system 100 65 circuit. Similarly, the CCV storage element 157 is config- 
from a wall socket or from a battery source. The program- ured to incorporate a voltage slewing constant which is used 
mable regulator 172 receives the voltage modification con- to incrementally throttle the CPU core voltage provided by 
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the power supply circuit. The voltage stewing constant is A persistent problem in mobile electronic devices has 

transferred into the programmable regulator of the power been the inability of a device's central processing unit 

supply circuit as shown in FIG. 3. (CPU) to differentiate between program instructions that 

Referring now to FIG. 5, an illustrative flowchart featur- should to be executed at full speed, and others that could be 

ing the operational steps of the circuit shown in FIG. 3. In 5 executed at a slower speed without adversely affecting 

Step 200, the temperature of the electronic device is moni- overall system performance. For example, many operating 

tored to ascertain whether it has exceeded the thermal band. system (OS) or application programs contain "idle" loops. 

If the predetermined thermal threshold has been exceeded, An idle loop typically consists of code that the program 

the electronic device undergoes both voltage and frequency cycles through while waiting for the occurrence of some 

scaling to reduce its power consumption (Step 225) or if the external system event or interrupt. Such program loops 

imposed low thermal band is exceeded, the device is capable present one of the worst cases for system power dissipation, 

of operating at a higher voltage and frequency subject to As discussed below, the present invention overcomes the 

software control by NOP instructions (Step 235). If the shortcomings and achieves precise power regulation by the 

electronic device has not exceeded its thermal band, a use of special NOP instructions. 

determination is made as to whether the electronic device is Referring to FIG. 6, an operating system or applications 

receiving alternating current ("AC") power from a conven- 15 program is represented by ellipse 305 and arrow 306 for 

tional wall socket or is receiving direct current ("DC) running on processor 310. System 300 also includes a power 

power through a battery power supply (Step 205). If the supply 330 and signal generator 320. Power supply 330 

electronic device is receiving power from the conventional provides a supply or operating potential for the electronic 

wall socket, no voltage and frequency scaling is performed device via line 331, which, by way of example, is shown 

on the electronic device as shown in Step 230, provided the 20 coupled to processor 310. This is a typical configuration in 

condition according to Step 200 is not met. a portable computer system. 

Alternatively, if the electronic device is receiving power System 300 also includes a signal generator 320 which 
from the battery power supply, a determination is required as provides clocking for both processor 310 and other system 
to whether at least one of three power saving modes to components such as a chipset 315. The processor clock 
reduce power consumption by the electronic device is in 25 signal is shown in FIG. 6 being provided to processor 310 
effect. The first power mode to be checked is whether the along line 322, whereas the system clock is shown being 
hardware product is in "De-turbo mode" (Step 210). In provided to chipset 315 on line 321. Chipset 315 may 
De-turbo mode, the user selectively sets (in user setup) a include a variety of conventional system components such 
desired operating frequency of the electronic device to be as memory 316, input/output (I/O) devices 317, bus con- 
less than the maximum operating frequency. This can be 30 troller 318, etc. System components within the chipset 315 
performed in laptop computers by depressing a switch communicate information to and from processor 310 along 
located on the computer. If the hardware product employing bus 312. 

the electronic device is in De -turbo mode, the voltage and It will be appreciated by ordinary practitioners in the art 

frequency of the electronic device is appropriately scaled as that a great variety of different system configurations are 

configured (Step 225). 35 possible for a mobile electronics device. Therefore FIG. 6 

However, if that hardware product is not configured to should not be construed as limiting the invention to any 

support the De-turbo mode, a second determination is made particular embodiment or mobile electronic device configu- 

as to whether direct software control by NOP instructions is ration. 

in effect (Step 235). If software control is not in effect, a The present invention improves power control by the use 

third determination id made as to whether the user has 40 of special NOP instructions. These instructions are true 

enabled a third power saving mode, referred to as a no-operation instructions; that is, execution of the instruc- 

"Demand Non-linear Throttling" ("DNLT") mode (Step tion does not change the architectural state (i.e., register 

215). In this mode, if enabled by the user, software will files) of the processor. Instead, the NOP instruction includes 

transparently alter the voltage and frequency of the elec- a reserved field of bits that provide information to hardware 

tronic device based on amount of idle time experienced by 45 control unit 319. Transfer of this information from processor 

the electronic device (Step 225), provided the conditions 310 to control hardware unit 319 is conceptually depicted by 

associated with Steps 200 and 210 do not indicate the line 311 in FIG. 6 . Of course, this bit field information may 

contrary. If the DNLT mode is disabled, no voltage and be transferred in different ways such as over bus 312. 

frequency scaling is performed. Otherwise, when DNLT Alternatively, the hardware control logic 319 may also be 

mode is enabled and the electronic device is frequently 50 incorporated on the same integrated circuit as processor 310. 

experiencing idle time thereby indicating that the device is In response to the bit pattern provided by the NOP 

not being utilized to its full capability, voltage and frequency instruction, the control logic 319 generates one or more 

scaling is performed on the electronic device until it is control signals for adjusting the operating potential and 

operating at its maximum capability (Steps 220, 225). In the frequency of the clocking signals provided by supply 330 

event that the DNLT mode is enabled and the electronic 55 and signal generator 320, respectively. In FIG. 6, these 

device is operating at its full capability, no voltage and control signals are shown being provided to power supply 

frequency scaling is performed on the electronic device 330 and clocking signal generator 320 along lines 335. 

(Steps 220, 230). This process is continued to monitor the Although FIG. 6 shows a single set of lines (e.g., a bus) 

electronic device to optimize its performance and especially commonly coupled from control unit 319 to units 330 and 

reduce its power consumption. 60 320, it is appreciated that separate, dedicated lines may 

FIG. 6 illustrates a block diagram of the power reduction alternatively be used. That is, a variety of connections and 

system of the present invention. System 300 may be incor- control signals are within the scope of the invention depend- 

porated into a variety of mobile electronic devices, but is ing upon the level of control desired. Both the power supply 

particularly well-suited for use in portable computer 330 and the clocking signal generator 320 are responsive to 

systems — such as laptop or notebook computers — where 65 the control signals to either increase or decrease the oper- 

conservation of battery power is an important design con- ating potential and clock frequency provided at their respec- 

sideration. tive outputs. 
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To better appreciate the operation of the system of FIG. 6, I claim: 

consider the following example. Assume that an operating 1. A system for regulating power comprising: 

system (i.e., DOS) is running on processor 310 and includes a power supply for providing an operating potential 

an idle loop. In accordance with the invention, a first special coupled to a processor, the power supply having an 

NOP instruction may be inserted by the compiler at the point 5 adjustable operating potential adjusted in response to a 

in the program prior to execution of the DOS idle loop. For first control signal; 

example, the NOP instruction may comprise a previously a signal generator for providing a clock signal coupled to 

invalid instruction in the processor's instruction set archi- t he p rocessor , the clock signal having an adjustable 

tecture (ISA). The decode logic of the processor, however, frequency that is adjusted in response to a second 

may be modified such that the previously invalid instruction 10 control signal; and 

is now recognized as valid although it has no effect on the a comrol circuit ' for reS p 0admg t0 bits associated with a 

machine from an architectural standpoint. Rather, the set of no-operation (NOP) instructions, execution of a 

reserved bits of the instruction inform control logic to first NOp instruction causing the contro l circuit to 

generate appropriate control signals for the power supply genefate the firsl CQntrol signal ^ me seCQnd CQntrol 

and clocking signal generator to effect an increase or 15 signal 

decrease in power. 2. The system of claim 1 wherein execution of a second 

Continuing with our example, the first special NOP NOp instr uction causes the control circuit to generate the 

instruction would produce a response by the control logic fifSt and signals having third and fourth 

such that the operating potential and clocking frequency rate which effectively the operating potential 

are reduced, such that power is conserved during the execu- 20 and the frequency of the poW er supply and signal generator, 

tion of the DOS idle loop. A second special NOP instruction respectively 

may also be inserted into the code by the compiler so that 3 ^ system of daim x wherein the first second 

when the program exits from the DOS idle loop (e.g., upon CQQ{ro{ sigQals afe ^ same 

the occurrence of a system interrupt) the logic is instructed 4 ^ system of daim x wnerein me software program 

to once again increase power and clocking frequency so that 25 comprises an opera ti Dg sys tem program. 

instructions may once again be executed at full speed. 5 ^ system of claim x wherein the pr0 gram 

Speaking metaphorically, the NOP instructions provide comprises an application program, 

"hints" or advice to the processor telling the processor to 6 Tne system of daim x wherein lne mobile electronic 

execute the following instructions at a slower rate. The deyice GompT]se& a laptop computer, 

processor can then save power by slowing the processor 30 ? ^ system of daim x comprising one or m0 re 

clock and reducing the rate at which instructions are either integrated circuits (ICs) coupled to the processor, signal 

decoded or retired or otherwise processed. generator and power supply, wherein power dissipation of 

As explained previously, the processor's operating poten- gaid Qne 0f mQre ICs is rcgulated by the first and second 

tial may also be reduced in accordance with the present control signals 

invention. If the processor were designed to ignore the hint, 35 g ^ te * m of daim j wherem tQe N0 P instruction 

it could do so without causing any operational problem; CQntrols a rate at which tQe processor ope r at es, such that the 

though, of course, it would still accept the "hint NOP" as a operat in g potential generated by the power supply and the 

valid instruction. frequency of the clock signal are reduced for code sequences 

FIG. 7 illustrates in general block diagram form how a mat may be executed more slowly without affecting an 

NOP instruction is processed within processor 310 in accor- 40 Qverall system performance . 

dance with the present invention. NOP instruction 400 9 ^ system of claim ^ wnerein t he second control 

includes an opcode and a reserved field that is decoded by signal> lQ CQntrol the frequeacy of the signal generator is 

an instruction decoder 410, For most instructions in the ISA, generated prior t0 the generation of the second control 

decoder 410 signals read-only memory (ROM) 420 to signal, to control the operating potential of the power supply, 

generate appropriate microcode for implementing the 45 m ordef tQ feduce the frcquency prior t0 reducing the 

instruction. An invalid or obsolete opcode would simple by operating potential coupled to the processor, 

ignored by decoder 410 in a conventional processor. 1Q ^ system of daim x ^rther cornprising: 

However, in accordance with one embodiment of the a ef fof m a am the com . 

present invention, the machine is modified so tnat tnese * for [m ^ NQp 

instruction prior to 

opcodes may be used as NOP instructs, ,.e valid 50 ^ m included within ^ 

mstructions, but ones which have no affect on the state of the u Amethod of lati comprising the steps of: 

machine. Instead, Ibe reserved field of NOP instruction 400 . „ . r .. - . K ™. . .. 

provides information to control logic 430 to generate appro- executlD g a first NOP instruction, the first NOP instruction 

priate control signals 440 for either increasing or decreasing g a ^ of contro1 S1 f* ls 10 ^ generated; 

the power of the mobile electronic device. 55 ( c ) reducin S an operating potential generated by a power 

Practitioners in the art wilt appreciate the flexibility and ^PP 1 / m res P onse to the first ^ of CODtro1 sl S nals i and 

precision that the invention provides. For instance, power ( d ) reducing a frequency of a clock signal generated by a 

may be throtded to the device in gradual increments. This sig™ 1 generator in response to the first set of control 

means that a first set of NOP instructions may be utilized to signals. 

incrementally decrease power so as to tailor the power 60 12 ^ method of claim 11 further comprising the steps 

requirements to the particular code sequence being °f ; 

executed. Another set of NOP instructions could provide (e) executing a second NOP instruction in the software 

hints to increase power at appropriate times depending upon program to cause the logic circuit to output a second set 

the performance level required. Thus, invoking power con- of control signals; 

trol management becomes a straight forward process. The 65 (f) increasing the operating potential generated by the 

invention also obviates the need for special detection soft- power supply in response to the second set of control 

ware or thermal sensors. signals produced by the logic circuit; 
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(g) increasing the frequency of the clock signal generated 
by the signal generator in response to the second set of 
control signals produced by the logic circuit. 

13. The method of claim 12, further comprising: 
recognizing an idle loop in a software program during 5 

compilation; and 
inserting the first NOP instruction into the software pro- 
gram prior to the idle loop. 

14. The method of claim 13, further comprising inserting 
the second NOP instruction into the software program after 10 
the idle loop. 

15. The method of claim 11 wherein the clock signal and 
operating potential are coupled to the processor. 

16. The method of claim 11, wherein the method is 
implemented on a laptop computer. 
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17. The method of claim 11 wherein said step of executing 
a first NOP instruction docs not alter an architectural state of 
the processor. 

18. The method of claim U wherein said step of executing 
a first NOP instruction causes a logic circuit coupled to the 
processor to output the first set of control signals. 

19. The method of claim 11 further comprising: inserting 
at least one NOP instruction into a software program. 

20. The method of claim 11 wherein the NOP instruction 
controls a rate at which the processor operates, such that the 
operating potential generated by the power supply and the 
frequency of the clock signal are reduced for code sequences 
that may be executed more slowly without affecting an 
overall system performance. 

* * * * * 
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